Abstract: Knowledge management has been suggested as a tool to ?? Knowledge management recognizes knowledge in forms of explicit and tacit knowledge. This article discusses two group techniques, postmortem reviews and process workshops which can be used to elicit personal preferences and beliefs. The article presents the techniques and examples of results, and argue on the value of tacit knowledge in the form of personal preferences and beliefs.
Introduction
Software development is an area with a history of cost and time overruns. Many solutions have been proposed to solving problems during the years. Knowledge management has been one area that has been discussed recently [2, 15] . To develop software is a typical example of what Peter Drucker has called "knowledge work"; where "value is (...) created by 'productivity' and 'innovation'" [12] . Knowledge is the only scarce resource in software development -not other "means of production" like computer hardware and software, office buildings or capital.
There has been much work on knowledge management in software engineering, or learning software organizations. However, much of the work has concentrated on information technology to support knowledge-sharing, where few studies indicate impact on software development practice [10] . One reason for this might be that the knowledge represented in the tools has not had sufficient value to the users. In this chapter, we discuss two techniques that rely on group processes to share knowledge, are lightweight and focus mainly on documenting only the knowledge that the contributors see as having the greatest value.
Software development is usually performed in projects. Projects are timelimited, producing one-time outputs are "non-repetitive in nature and involve considerable application of knowledge, judgment and expertise" [6] . To better manage knowledge in projects we will present and discuss postmortem reviews [9] as a method for analyzing past projects for the benefit of future projects.
Another important concept in software development is development processes. These are often general processes, bought in or developed in-house, and are usually tailored to suit either specific projects or types of projects. We will discuss a method for defining work processes for software companies, called process workshops [11] . The output of such workshops are usually electronic process guides [19] available on a company Intranet which provides a "how to" reference manual for people involved in projects.
The common denominator for these two techniques is that they rely on group processes using some of the same brainstorming techniques. We will later discuss the impact of brainstorming techniques on group effectiveness.
We believe good techniques for developing the knowledge required in projects through postmortems and developing the cross-project knowledge in processes can add substantial value to a software company -what some call increasing the intellectual capital of the company.
In terms of value-based software engineering, this article partly addresses what Boehm [5] calls "Value-based people management", which includes "stakeholder teambuilding and expectations management", but mainly focusing on the internal affairs in the project. It also presents methods that are alternatives to the Experience Factory [3] , which is suggested as a tool for value-based monitoring and control of projects and organizations. Postmortem reviews and process workshops are lightweight (or "agile") methods that relies much on sharing knowledge orally, and consumes little time. A postmortem can be carried out in four hours, and running a workshop on a process such as "blastoff" can be carried out in less.
The rest of this chapter is organized as follows: In the next section we define knowledge and discuss broad issues in how knowledge can be managed. We introduce postmortem reviews and process workshops as group processes to work on project and process knowledge from software companies. We then present an action research study from a company where we used postmortem reviews and from another company where we used a process workshop. In the discussion section, we discuss how these techniques can assist in learning and eliciting knowledge. We also discuss what kind of value this knowledge can be seen as to the organization. We conclude with what we see as implications for practice for software companies.
Managing knowledge
Davenport and Prusak [7] define knowledge as: "a fluid mix of framed experience, values, contextual information, and expert insight that provides a framework for evaluating and incorporating new experiences and information. It originates and is applied in the minds of knowers. In organizations, it often becomes embedded not only in documents or repositories but also in organizational routines, processes, practices, and norms."
We often divide knowledge into two types, tacit and explicit knowledge. By tacit knowledge [18] we mean knowledge that a human is unable to express, but is guiding the behavior of the human, like much of the organizational routines, norms, practices and inner beliefs. Webster's dictionary defines tacit as "understood without being openly expressed" [24] . Explicit knowledge is knowledge that we can represent, or "codify", for example in documents and repositories.
Nonaka and Takeuchi claim that tacit knowledge can be transferred between people through a process called socialization, which can involve observation and discussion [17] . Newcomers will typically need to spend time with others in an organization to get into the routines, norms and practices that exist.
When knowledge is articulated so that it can be represented in text or pictures, we say that knowledge is externalized. Brainstorming can be one technique to facilitate articulation of knowledge in order to share how "things are done".
Important assets for software companies are the employee's knowledge, and the routines that exist in the company. Often, little of this knowledge is codified, but exists in the heads of the employees and in work practices.
In order to spread knowledge in an organization from individuals to groups, we depend on what has been called "organizational learning". This differs from individual learning in two respects [22] : First, it occurs through shared insight, knowledge and shared models. Second: it is not only based on the memory of the participants in the organization, but also on "institutional mechanisms" like policies, strategies, explicit models and defined processes (we can call this the "culture" of the organization). These mechanisms may change over time, what we can say is a form of learning.
Hanssen et.al. [14] define two strategies for knowledge management. "Codification" is to depend on explicit, codified knowledge, typically in databaseswhich require heavily investments in information technology. The competitive strategy for companies choosing codification is to "provide high-quality, reliable and fast information systems implementation by reusing codified knowledge". The other strategy is referred to as "personalization", which depends on the tacit knowledge in the company -the strategy involves developing networks to link people to share tacit knowledge. The competitive strategy for companies choosing personalization is to "provide creative, analytically rigorous advice on high-level strategic problems by channeling individual experience".
Both these strategies apply to software companies, but the research on knowledge management in software engineering has mainly been concentrated on information technology support for codification [10] . We will now present two group processes to promote sharing of knowledge, that mainly support the personalization strategy, namely postmortem reviews and process workshops.
Postmortem reviews
Postmortem reviews are processes organized when projects are completed in order to discuss what can be learned from the project [9] . One way to organize postmortems [4] is to invite all project participants, and organize a postmortem meeting where a facilitator uses two techniques for first identifying issues, and then for analyzing the causes of the issues with the highest priority.
For a focused brainstorm on what happened in the project, a technique named after a Japanese ethnologist, Jiro Kawakita -can be used [20] , called "the KJ Method". The technique involves giving participants a set of "post-it" notes, and ask them to write one "issue" on each. After some minutes, the first participant presents a note by attaching it to a whiteboard and saying why this issue was important. Then the next person would present a note and so on until all the notes are on the whiteboard. The notes are then grouped and renamed. This is done for "what went well" in the project, and for "what did not go well". This technique leaves a set of issues in both categories, and usually the most important ones are selected by allowing all participants to vote. The most important issues are then analyzed using the next technique. Usually, it is the whole team who participates in deciding what is most important. One way of organizing this is to give each participant two votes, which can be placed on the categories the voter thinks were most important in this project, or the categories the voter thinks they are most likely to influence in the next project.
Root Cause Analysis (also called Ishikawa or fishbone-diagrams) [23] can be used to analyze the causes of important issues. We draw an arrow on a whiteboard indicating the issue being discussed, and attach other arrows to this one like in a fishbone with issues the participants think caused the first issue. Sometimes, we also think about what was the subcauses for some of the causes and attached those as well.
As a group process, the postmortem allows everyone participating in a project to know what other participants thought were important issues. It also allows for both positive and negative criticism of actions taken, processes followed, and products delivered from the project.
Process workshops
Process workshops [1, 11] are made in order to discuss how work is to be carried out in the organization. The output is descriptions of "best practice" in an area, for ex-ample in software development. A typical process workshop consists of the following steps: 1) Identify activities. Find the main activities of the process using a group brain-storm (KJ process).
2) Define the sequence of activities: Take the activities from the previous phase and make a sticker for each. Place them on the activities-field of the process work-sheet, where time goes from left to the right. Find a suitable workflow between the activities. 3) Define input and output: Find the documents or artifacts that must be available (and possible preconditions that exist) to start the process, and the documents (and possible post conditions) that mark the end of the process. Use stickers with other colors than for the activities to mark input and output, and attach them to process worksheet on the wall alongside the activities. Conditions that must be satisfied to begin or exit the process can be described in checklists. 4) Define roles: Find the roles (developer, project leader, manager, etc.) that should contribute to each activity -and define responsibilities. 5) Find related documents: Identify documents that already exist in the company, and new documents that could be helpful in carrying out the activities. Such documents can be templates, checklists and good examples of input or output documents.
The result of a process workshop is a draft process guide based on a minute of the workshop. The next step would be to assign someone the task of preparing a more readable process guide based on the first draft. In the end, the process guide is a workflow-oriented document available on the company Intranet. This is usually a tool which can be used voluntarily, and is intended to assist people in developing software effectively.
Case: Knowledge products from a postmortem review and a process workshop
We present an example postmortem review from a company we will refer to as "Delta", and a process workshop in another company "Gamma". Both techniques were used in an action research project where researchers and company representatives tried out techniques, and together reflected on the results.
An Example Postmortem
This postmortem was done on a project to develop a web-based ticket ordering system for a major transport company in Norway. The project was critical for the transport company, as it introduced fundamental changes to their revenue management process. The project team from Delta at the end of the project consisted of eight people, who all took part in the postmortem meeting (the project had involved three more people earlier, but they were removed from the project because of costs). The company that was running the software project is a large software house with approximately 500 employees.
The postmortem analysis followed the approach described above [5] except for starting with a timeline-exercise [16] , as the project had lasted for almost two years. This exercise was done by asking all participants to remember key events, and write down the names of the events on stickers and attach them to grey paper on a wall, rectangular stickers for events and round stickers for dates. Important events in this project were tasks like: choosing platform, deciding on coding standard, choosing the database, intense work period, etc. The timeline produced is shown in figure 7.1. Participants were asked to write down up to four positive and negative experiences they faced during the project. These notes were then put on a whiteboard and grouped into categories or themes. Issues that went well were: team-spirit, competence development, human competence, will and ability to solve problems, customer responsibility, good products and improved customer relation. Issues that were problematic were: testing, technical investments, lack of knowledge, and immature technology. We will now analyze two of the issues that went well and two that did not work out well more in detail. We will show excerpts of what people said about the issues, and what we found to be possible causes in this project.
Team-spirit: "If you look at the people involved in this project, you see that we are very different, but are anyway able to work well together. I think that has been unbelievable, I see so many other places that this does not work", "I would also like to emphasize that it has been very nice socially in the project, although there have not been much [activities] after working hours ...professionally there has been people whom you could ask all the way, people have not had enough with their own problems".
Testing: "The greatest mistake we did is that we said 'no' to more load testing before we went to production", "I think we ought to have done more automatic testing earlier, and should have done load testing earlier. We also should have had a better understanding of what load testing means -we have at least two different views of it".
To determine the contributing factors for critical issues, we did root cause analysis, using fishbone diagrams [23] . In the root-cause analysis, main causes for team-spirit were found to be good mix of people, solution-oriented people, colocation of the project team, ownership to solutions and that it was easy to have a good overview of the group. Similarly, we found the following reasons for problems with testing: lack of automated tests, difference in development and production environment, test process was not followed, and testing did not measure the right features. Upon completion of the postmortem analysis, two facilitators wrote an 18-page report, which was organized with an introduction giving background on the project and the purpose of the postmortem, which was to share experience from the project in a structured manner. Then, the report explains how the work was done, which activities were performed during the postmortem meeting. The results are presented as seven issues that went well, and then the most important (after voting) were described in more detail with quotes from transcripts of the postmortem meeting. In this report we used mind maps to document root causes for the main issues as in figure 7 .2 (fishbone diagrams were used during the postmortem meeting). The seven issues that did not work out well are described in the same manner as the issues that went well. A further discussion of this postmortem can be found in [8] .
An Example Process Workshop
The satellite software company Gamma, where a series of process workshops were performed [11] delivers turnkey ground station systems, consultancy, feasibility studies, system engineering, training, and support. The company has been working with large development projects, both as a prime contractor and as a subcontractor.
Customers range from universities to companies like Lockheed Martin and Alcatel to governmental institutions like the European Space Agency and the Norwegian Meteorological institute.
Most of the software systems that are developed are running on Unix, many on the Linux operating system.
The company possesses a stable and highly skilled staff, many with master's degrees in computer science, mathematics or physics, and have what we can describe as an "engineering culture". Approximately 60 people are working in the company, and the majority is working with software development. Projects are managed in accordance with quality routines fulfilling the European Space Agency PSS-05 standards and ISO 9001-2000.
The company had an extensive quality system, but the system was cumbersome to use because of the size -and because it existed partly on file and partly on paper. As a part of being certified according to ISO 9001-2000, the company decided to document all main processes in the company.
In a process workshop on the initiation phase of projects, we identified three sub-processes: "offer", "follow-up" and "blast off".
As the initiation of projects is an interface between different parts of the organization, it was important to bring together people from marketing, quality assurance and the development department. We started the workshop by giving a 15-minute presentation of what we were going to do, and put a large sheet with a figure of the process worksheet (as in figure 7. 3) on the wall -one for each process that would be discussed in the meeting.
For each sub-process we wanted to define, "offer", "follow-up" and "blast-off", we went through the steps mentioned earlier, to identify activities, define the sequence, and define input/output, roles and related documents. The main activities identified in this step for the "blast-off" sub-process were:
• Appoint project manager • Organize "Handover meeting"
• First project analysis • Allocate resources • Prepare for kick-off meeting • Internal kick-off Fig. 7.3 . A process worksheet with input, activities, output, roles and related documents de-fined.
We brainstormed on which roles should contribute in each activity and found the following roles for the "blast off" phase: project manager, quality assurance, development responsible, technical responsible, product committee, bid manager, purchasing manager, logistics expert.
Related documents: We identified documents that either already existed in the company, or new documents that would be helpful in carrying out the activities. Such documents were templates, checklists and good examples of input or output documents.
We found it helpful to ask the people who participated in the process workshop to read the result and comment on it (See [21] for an example of such a technique in requirements inspection). We assigned the most typical roles that were involved in the processes to people -and asked them to find if there was information that was lacking or irrelevant for this role in the description. This reading resulted in a number of modifications and clarifications on the process description.
Finally, two people in the company were responsible for making a draft process guide, based on the overall description of the processes which are developed in the workshop. Each activity was then described in much more detail than what appeared in the workshop minutes -The participants gave feedback on these before the processes were implemented in the process guide, as shown in Figure 7 .4. Fig. 7.4 . A screenshot of a part of the resulting electronic process guide on the company Intranet.
The main part of the final process guide is the description of the activities (called "workflow" in figure 7.4) . For the example shown in the figure, the subprocess for system integration lists the following initial activities: "1. Finalize system integration (installation scripts, finalize system configuration), 2. Perform dryrun loop (build and test installation, log and correct bugs, raise requirement changes, update architecture design if necessary)…"
Discussion
We have described two methods for conducting postmortem reviews and process workshops, both relying on group processes as a central element. The methods produce discussions which should lead to reflections amongst participants, and some of the main discussion points are documented in minutes. It is the participants who decide what are the most important issues to concentrate on in analysis and in documentation.
In software engineering, the critical elements are how many hours it takes to develop the software, that the customer gets the right functionality, and that the software system has the desired quality. Deciding to invest in knowledge management should be because of a belief that the investment will lead to better efficiency and effectiveness in software development; better understanding of customer requirements, greater insight in factors that lead to high or low quality of software.
In this context we ask, what is the effect of managing knowledge through group processes? We will investigate this question by examining studies of project work and group processes, and use examples from the cases of Delta and Gamma.
Group processes and group effectiveness
To what extent can management of knowledge influence the effectiveness of software development? From studies of team effectiveness we find that team members rate the performance of the team high if the team has "healthy internal processes, such as collaboration and resolution conflict" [6] . We also find that group cohesiveness -how united the team is, is related to performance [6] . A survey article on brainstorming research [13] cite several brainstorming studies that report satisfaction with the group (increased cohesiveness) as an outcome of a brainstorming session. Also, the survey reports that there is "abundant evidence that nominal groups (i.e. groups of individuals working together independently, but in the presence of another) outperform interactive groups (i.e. groups where ideas are generated through face to face discussions) in both the quality and the quantity of ideas generated in brainstorming sessions". Reasons why nominal groups outperform interactive groups are that in interactive groups, having to state ideas orally makes it possible for only one person to present an idea at the time. Also, fear of negative evaluation from group members and "free riding" -reducing effort when individual contribution is not identifiable has been suggested.
In the example from Delta, the group agreed on seven categories of issues that went well, and four categories of issues that did not work out well.
The results from the fields of research above indicates that group processes using brainstorming techniques such as the KJ process used in postmortems and process workshops has a positive effect on the performance of the participants. Also, we think that techniques for postmortem reviews can be seen as a "healthy internal process" -that can lead to conflict resolution and better collaboration because team members get better insight into other team member's views. Having a post-mortem process can then lead to a perception of better effectiveness in the team.
The postmortem at Delta led to praise of the project team in the session on issues that went well. Also, agreeing on the four issues that did not work out well, and their importance is something we can see as a "healthy" internal process where criticism is allowed, and critical opinions discussed.
In the process workshop at Gamma, the discussion on the blast-off phase involved people from different parts of the company: from the marked and software development departments. Sharing views on the interface between the departments are likely to lead to better understanding of others work, and a lower risk of cooperation problems later.
Studies of group performance, does however, state that this is perceived differently by internal project members and external stakeholders such as managers: "Team members tend to rate the team's performance high if the team has engaged in healthy internal processes, such as collaboration and resolution conflict. Managers … rate a team highly according to more external factors like the amount of communication the group has with external agents" [6] . However, a high perception of effectiveness is likely to lead to better motivation within the team.
Another argument for the suggested group processes are findings on the importance of conducting work in the project according to tailored processes. The survey on team effectiveness report that "projects where the coordination mechanism fit the newness of the project resulted in products that were higher in quality, were more likely to achieve sales objectives, and reached their break-even point sooner than those projects whose coordination mechanisms were too bureaucratic or too informal given the newness of the product". Also, the survey report that "when team design and processes are properly fit to product characteristics, performance can be high, but when they are not so, performance will suffer". Organizing process workshops in a company is a way to make the work processes more adapted to the real problems in the company than using a more general available model.
In addition to the implications on effectiveness we have discussed, we have a possible effect of sharing the knowledge with other projects in the company who might be in similar situations and could benefit from avoiding mistakes or reusing work products. The example postmortem from Delta reports on problems with testing: "I think we ought to have done more automatic testing earlier, and should have done load testing earlier" was a statement from one participant. This was probably not something that was new to the project team. But that it was stated and generally agreed on that this should have been handled differently in this project will probably lead to that the people who participated in the postmortem are more likely to do something about it in their next project than if the belief was not discussed.
Group processes to improve product quality
In order to improve product quality, there are two possible effects from postmortems and process workshops. There have been many claims in software engineering about the relationship between development process and product quality. In order to ensure that the process influences quality, the development process of course needs to take place in action -not only be described. Process workshops are a method to discuss the work processes, which could then influence how the processes are used in practice. We have not found evidence for this claim in the software engineering literature, but we are currently working with research on the hypothesis that process workshops -which means user involvement, leads to a higher degree of process conformance.
Another possibility to improve quality comes from the postmortem -to ensure that problems that happened in producing one product does not happen again when producing something similar. In the example from Delta, testing is one issue which is likely to be dealt with otherwise after the project postmortem.
An experiment on group processes for software effort estimation reports that groups outperform individuals in making less optimistic and more realistic estimations of required effort [16] .
Conclusion and Further Work
We have discussed two techniques to work with software process improvement, namely postmortem reviews and process workshops, and argued that these methods focus both on sharing tacit knowledge between participants as well as documenting knowledge that can be shared in a broader context in the company. We have argued on the value of the knowledge by examining work on project team effectiveness, brainstorming research and studies of the integration of do-main and technical knowledge, and have used these findings to argue that the group processes involved in postmortems and process workshops can lead to more efficient project work, more satisfied project team and a higher probability of keeping the project schedule and budget.
